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MINIMUM SPARK- IGNITION ENERGHB CF 12 PORE FUELS AT 
ATMOSPHERIC AND REDUCED PRESSURE 
By Alig >n J, Metzler 


SUMMARY 

Minimum spark- ignition energies for 12 pvrre fuels were measured at 
reduced pressure^ and tlie data obtained were extarapolated to 1 atmos- 
phere, The fuels investigated Included normal and cycloparaffins, ole- 
fins, carhon disulfide, and oxygenated compounds such as an alchohol, 
ether, propylene oxide, and tetr ahyir opyran } these fuels were ignited at 
reduced pressures hy capacitance sparks of controlled duration. The min- 
imum ignition energies obtained are related to the pressure, the quench- 
ing distance, and the maximum ftindamental flame velocity of the fuel-air 
mlxtvire. Also, the escperlmental data obtained are applied to two corre- 
lations of spark-ignition energies to check the data of this investigation 
with that of others. 


INTROEfUCTION 

The fuels and coinbiostion program of the NACA Lewis laboratory is 
concerned with those fundamental fuel properties which may affect or 
ultimately limit the combustion process as it occurs in hi^-velocity 
propulsion systems sttch as ram- Jet and turbojet engines. The program 
inclvides not only the measurement of fundamental fuel properties but al- 
so the evaluation of such properties as reflected in experl mental combus- 
tor performance. 

As a part of the over-all program, it was necessary to obtain con- 
sistent minimum-spar k-ignlt ion-energy data for a number of pure fuels, 
some of which were to be investigated in engine combustion chambers. 
Ignition energies for a number of the fuels are reported in references 1 
and 2; however, in most cases, the reported energies are for stoichio- 
metric mixtures only. Values for other fuels were unobtainable. There- 
fore, consistent data for a variety of fuels were obtained in the present 
investigation. 

The minimum ignition energies for six pure hydrocarbon f\iels are re- 
ported in reference 3, The results indicated that the TniniTtnnn ignition 
energies are proportional to for all six hydrocarbons , two 
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normal paraffins, a cycloparaffin, an olefin, an aromatic, and acetylene. 
Therefore, it was suspected that this relation might he valid for other 
bydrocarhon fuels as well as for such fuels as alcohols and ethers. 

The work reported herein is an extension of that described in ref- 
erence 3. Minimum spark- ignition energies are presented for 12 pure 
fuels; namely, n-pentane, n-heptane, methylcyclohexane , isopentane, 
pentene -2, acrylonitrile, propylene oxide, tetrahydropyran, 2,2- 
dimethylbutane, methanol, diethylether, and^ carbon disulfide. All data 
were obtained with optimum gan spacing and at reduced pressures no 
greater than 200 millimeters of mercixry absolute by passing a single, 
fixed-duration spark of 1000 microseconds through a quiescent fuel-air 
mixture contained in a closed vessel. 

The data of this report are conqpared with thosa of references 1, 4, 
and 5. Also, the data are considered in..ter?is of the minimum- spar k- 
ignltion-energy correlations developed in these references; to this end, 
the original- reduced-pressure data were extrapolated to atmospheric pres- 
sure . 


EXPERIMENTAL DETAIL 
Apparatus 

The apparatus used for this investigation consisted of a constant- 
temperat-ure enclosure containing a vapor-air mixing system and an igni- 
tion bonib, a power supply, and an energy-measuring circuit. 

The inlet and mixing system as shown in figxure 1 provided for the 
handling of either gaseous or liquid fuels.; Gaseous fuels were admit^d 
directly from a tank supply, while liquid fuels were admitted from 
thimble E after freezing. The size of the liquid samples was so adjusted 
that the entire sample, when evaporated and mix:ed with sufficient air, 
formed the desired fuel-air mixture. Measured quantities of-fuel vapor 
and air, from a conpressed-alr . cylinder , were thoroughly mixed in tank C 
by means of a motor-driven bellows-sealed mixer prior to admission to the 
Ignition bomb. An air thermostat controlled the system ten^ierature to 
100° ±-2° F.' 

The ignition bomb (fig. 2) had a tot^ volume of approximately 680 
cubic centimeters and was of stainless-steel construction. An irpn- 
constantan thermocouple inserted through the bomb base measured the mix- 
ture terperature . Luclte windows were -used for observation, and a single 
quartz window was located at the top of the bomb to permit viltra-violet 
irradiation of the electrode gap to control gap breakdown potential. The 
electrodes were number 74 high-speed drills (0.0225 inch in diam.) for 
all fuels except carbon disulfide for which s/s-inch-diameter lead spheres 
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■were used. A l-inc3a Lucite rod insulated the electrodes^ and a greased 
0 -rlng provided a vacu^aln ti^t, sliding seal to facilitate setting the 
^ gap -width ^ Tdaich vas measured directly vith an integrally mounted microm- 

eter screw. 

The electric circuit associated with this equipment is schematically 
shown in figure 3. The 0.6 -microfarad condenser bank was charged by a 
fully variable 0- to 30-kllovolt power si: 5 )ply; the condenser voltage was 
w measured by a 0- to 20-kllovolt electrostatic voltmeter. Isolation of the 

g power supply from the discharge circuit was accomplished with switch a 

8 ingle -pole double -throw magnetically operated air switch, as shown in 
figure 3j thus, any power-supply leakage to the condenser bank was elimi- 
nated for the duration of the discharge » Circuit resistances and 

R 2 fixed the circuit discharge characteristics, while R 3 was the known 
resistance for measurement of the gap c-urrent. Shunt resistance Rj_ was 

fixed at approximately 500 ohms to give a total discharge duration of 
1000 microseconds ; R 2 together with condenser voltage was varied to im- 
press an energy pulse of known duration across the electrode gap. Cap 
voltages, however, were not impressed directly upon the oscilloscope but 
were reduced by a combination capacitor-resistor voltage divider, balanced 
with respect to ground potential. The divider was balanced to ± 0.8 per- 
cent over a frequency range of 60 cycles per second to 70 kilocycles per 
second and was checked to drl.4 percent by a discharge of a known voltage 
throu^ a fixed circuit. 

The over-all circuit and oscilloscope capacitance characteristics 
fixed a minimum energy of approximately 1 millijoiHe. For lower energies, 
spark reproducihillty and energy-measurCTient accuracy decrease; the in- 
vestigation was therefore limited to pressures no greater than 200 milli- 
meters absolute in order consistently to exceed this energy limit. 


Procedure 

Fuel-air ratios were obtained voluraetrically by measiirement of the 
partial pressures of the fuel and the air in the mixing tank, and all 
data were obtained for premixed fuel -air mixtures of known concentration, 
temperature, and pressure. The minimum spark-ignition energy for such 
known conditions and a given gap width was approached from the low side 
by passing consecutive sparks and adjusting the capacitor voltage, Rg^ 
and R^. Ignition of the mixture was defined as the occurrence of flame 

propagation from the spark source into the siirroundlng gas to an extent 
sufficient to yield either a 5 -millimeter -pres sure pulse in the system 
or a visible flash throu^out the volimie. The magnitude of the energy 
e3cpended in this spark was calculated, as described in reference 6 , from 
the oscillographic record of the Instantaneous voltages across R 3 and 
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across the electrode gap. For all data reported, ignition was obtained 
from a single spark in a mixture not previovisly sparked. The energy so 
determined for a given mixture and various gap widths defined the minimum 
spark-ignition energy for that mixture. Repeating the procedure for var- 
ioujg mixt'ure strengths defined the minimum ignition energy as a function 
of fuel-air ratio or the equivalence ratio. All data are reported on 
this basis. 

Experimental conditions produced a glow type of spark discharge al- 
most-^xclusively, its duration being about 1000 microseconds. Devia- 
tions in total spark d\jration, however, introduced negligible error, 
since 90 percent of the total energy was released in the first 50 percent 
of the spark time. The data for all fuels except carbon disulfide were 
obtained tising needle-type electrodes; carbon disulfide, however, re- 
quired the use of 3/8-inch lead spheres to overcome severe arc-to-glow 
oscillations of the discharge. Althou^ these oscillations may have 
arisen from effects of the electrode material, it seems more probable 
that they resulted from insufficient electrode surface area for charge 
accomodat ion. 

Data for all f;;iels except carbon disulfide were obtained at pressures 
of 100 or 200 millimeters of mercury absolute or both. Data for carbon 
disulfide were obtained at a pressure of 27.8 millimeters of mercury abso- 
lute in order to obtain a well defined glow discharge, since higher pres- 
sures resulted in severe discharge oscillations. However, a single datimi 
point at 12.5 millimeters was eilso obtained although osclJ nations were 
sufficiently severe to reduce the accuracy of this point. 


Limits and Acc\rracy 

All data reported herein are, of course, subject to certain experi- 
mental limits and acciaracies. The original data for all fuels investigated 
were obtained at 100° F and at pressures of 200 millimeters of mercury 
absolute and below. Except for a single point for carbon disulfide, all 
data presented are considered accurate to ±8 percent. This figure was 
estimated from the accuracies of the calibration of Individml circuit 
conponents plus an additional allowance for spark reproducibility. Data 
reproducibility, however, is within ±5 percent. 

The fuels investigated and the source and purity of each are listed 
In table I. 


RESULTS OF USVESTIGATICONr 

In this paper H* denotes the minimum ignition energy at the lowest 
point on the ignition-energy - equivalence -ratio curve, Hqj denotes the 
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TiTlr>-TTmiTn ignition energy at any point on the cnrve other than the lowest 
point H’, and cp denotes the equivalence ratio under consideration and 
is defined as the ratio of the act\zal fuel-air ratio to that at stoichio- 
metric conditions. Rich mixtures therefore exhibit values of <p greater 
than 1.0. 


Reduced-Pressure Data 

The experimental data for the 12 fviels investigated are plotted in 
figures 4 to 7 as ignition-energy against eq.ulvalence-ratio and axe in- 
dividually tabulated in table II. Figure 4 contains the paraffinic and 
cycloparaffinic data; figure 5, olefinic data; figure 6, data for oxy- 
genated fuels; and figure 1 , carbon disulfide data. It should be noted 
that, in these figures, points separated by less than O.lcp are cheoh 
points that were not run on the same day or with the same initial mix- 
ture. Coniparison of such points will illustrate the reproducibility of 
these data. 

Minimum- ignition-energy data for all fuels were obtained at reduced 
pressures no greater than 200 millimeter s of mercury absolute and at 
optimum gap spacing. Since all data exhibited rather flat energy-gap 
curves as a result of the low quenching effect of the needle electrodes, 
the quenching distance d was not sharply defined; but all quenching 
distances as measured and reported in table II occurred within the limits 
reported in reference 5, approximately ±25 percent of a mean. Except for 
differences in general energy level, the most marked difference between 
fuels is the shift of H’ with respect to q> as Indicated by figures 
4(a) and 4(b) which show a shift of H' from cp = 1.35 for n-pentane to 
= 1.75 for n-heptane. As a result of this shift, normal paraffins 
which exhibit similar values of H’ may have values of (minimum 

spark- ignition energy at an equivalence ratio of 1.0) that vazry by as much 
as a factor of 4. The need for exact definition of the bases of fuel 
comparisons is Immediately apparent. Data for H' at the experimental 
pressvires P and for the pressure exponent in the relation H' 00 l/P^ 
are tabulated in table IH for all the fuels of this investigation. 


Data Extrapolated to 760 Millimeters of Mercury Absolute 

Althoi;igh the original experimental data were obtained at reduced 
pressmres , extrapolation of the experimental data to 1 atmosphere was 
desirable, because it permitted conparison with the data of other in- 
vestigators as reported in the llterattire (refs. 2 and 4). For all fuels 
for which data were obtained at two pressures, the H’ at 1 atmosphere 
was obtained by extrapolation of the reduced-pressure data to 760 milli- 
meters losing the slopes Indicated in table III. The 200-mllllmeter H* 
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data of^ tlie remaining three fuels and. the IQO-millimeter H ' data of 
acrylonitrile vere extrapolated hy using the pressure relation established 

in reference 3, namely H’ co extrapolated values of E* fx^r 

• f o 


1 atmosphere are tabialated in table IV together with other available data 
for con^jarison. - 


The accuracy of the extrapolation of carbon disulfide data is prob- 
ably low since (l) in the extrapolation, an exponential -pressure re- 
lation to pressures as low as 12 nd.lli meters of mercury absolute is 
assumed, and (2) the accmracy of the extrapolation hinges on the ques- 
tionable accuracy of the single point at 12.5 millimeters. However, the 
correct value of H’ -for carbon disulfide as determined in this investi- 
gation is estimated to be somewhere between 0.02 and 0.03 milli Joule. A 
more complete pressure study is necessary to verify the initial assun^)- 
tlon and to fix more accurately the value of H*. 


Atmospheric pressure values for Ei.o obtained from the extrap- 

olated H’ . values hy assuming 




760 mm 


The atmospheric data for obtained in this way are compared with 

those of -ref erence 2 in table V. 


DISCUSSION 
General Trends 

The data of this investigation and that of reference 3 reveal cer- 
tain general trends which are effects not of— the apparatus but rather of 
the fuel type upon the minimum spark-ignition energy. Exceptions to the 
following trends can be found, but, in general: (l) The minimum spark- 

ignition energy H' of- a.1 1 parsLf f ins and cycloparaffins is approximately 
the same from Cg to at least Cy. (2) Unsaturation in a carbon chain 

lowers the ignition energy, hut unsaturation. in a ring structure (benzene) 
has relatively little effect on this energy. 

These relations are the same as those found in reference 2, where 
the effect of molecular structure upon the ignition energy at stoichio- 
metric conditions was investigated. However, in reference 2, it is re- 
ported that Ignition energy Increases with increasing paraffinic chain 
length. This is true for the case considered, result 

of the shift of cp at H’ to higher values as paraffinic chain length 
increases. 
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Correlation of H’ With Lean-Limit Flame Tenrperature 


In the present report and in reference 3, consistent minimum- 
ignition-energy data for 18 fuels having a variety of struct-ures are re- 
ported^ and it is of interest to know whether these data fit correlations 
which have been previously proposed. 


In reference 1, the minimum spark- ignition energy, the lean-limit 
flame temperatvire, and the energy of activation of the combustion reac- 
tion are correlated. The relation which was developed and which may be 
checked experiment al ly is given in the following equation: 


log ^ ^ ^ = L + 2 log T- 

Tf - Tq 0 


- 2 log Pq 


+ 0«65 g Tf(iean) 

RTf 


( 1 ) 


where 


H minimum ignition energy, Joules 


Wq niole fraction of oxygen 
flame temperature, °K 
Tq initial mixture tengperature , °K 

Pq initial mixture pressure, atm 

R gas constant, 1.98 cal/ (mole) (deg) 
a,L constants 


The data reported herein and in reference 3 were applied by suitable 
STibstitution in eq.uation (l). Flame ten?>eratures at stoichiometric and 
at the lean limit were obtained from reference 1, and a correlation be- 


tween 


log 



and 


*^f (lean) 
Tf 


was atten?)ted. 


As shown by figure 8, 


a reasonably good correlation between the temperature ratio and the mini- 
mum ignition energy for stoichiometric Hj_^q exists. The solid line was 

computed by the method of least squares for the data points shown and 
evaluates a at about 20.4. The data of reference 1 are represented by 
the dashed line. 


Since it is desirable to be able to predict an atten 5 >t was made 

to correlate H* by using Nq at cpni-T-n^ s-t ^Pmin* flame 

ten 5 )erature at the equivalence ratio at was calculated by the 
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method given in reference 7. No correlation reenlted except for those 
f-uels where was nearly eqnal to 1-or .less than 1. It appears then 

that the correlation is limited to a maximum equivalence ratio of approxi- 
mately 1.0 and that this limit is undoubtedly ioiposed by some of the ini- 
tial assumptions made in reference 1 involving and " Tq. 

The correlation also predicts an inverse relation of the minimum 
Ignition energy to the square of the pressure. This relation is in rea- 
sonable agreement with the data reported In .table III and in referehce 3. 
The pressure exponent varied from -1.65 to -2^00, the mean value being 
-1.82. The agreement indicates a relative Insensitivity to cp since the 
experimental data cover a range of q> from 0.8 to approximately 1.8. 


Correlation of H’ and P.lame Velocity 


The correlation of the maximum fundanental flame velocity Uf 
with the minimum spark- ignition energy H’ at 1 atmosphere was again 
checked in this investigation. This correlation is presented in refer- 
ence 3 for 13 fuels for which values of H’ were available; the rela- 


tion between these two properties was 




The results 


of the present— investigation together with data from reference 3 are 
plotted in figure 9. Where possible, flame velocities from references 8 
to 10 were used, but where flame velocities of reference 11 were used, 
they were first adjusted to the data of reference 8. Carbon disulfide is 
Included in the plot, but it is obvio-oa why it was not considered in the 
correlation. The least -sqxiares method as applied to the data of-flgure. 9 


gives 


,max ^ ^^,^0.83* 


Additional data in the low-energy region are 


required to accurately fix an exponent for H'; yet, on the basis of the 
present data, a definite relation between these two fundamental proper- 
ties does appear to exist; that is, for all practical purposes 


%,max 


(H') 


0 . 8 * 


Correlation of- E' with Quenching Distance 

The measured minimum ignition energy is plotted as a ftmctlon of the 
optimum gap spacing, or quenching distance, in figure 10. Minimum igni- 
tion energies, both and H', and associated quenching distances as 

experimentally determined are plotted in the figwe. The solid line is 
the least-squares representation of all the data, and the equation for 
this line is 
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H = 6.36 

Also shown in figure 10 are curves representing the data of references 2 
and 5} the data of reference 5 is in fair agreement with the data reported 
herein. Quenching distances at an equivalence ratio of 1 and atmospheric 
press-ure were obtained *by use Of the solid line in figure 10 and the 
extrapolated values of These extrapolated quenching distances are 

compared with the data of reference 2 in table V and are seen to be con- 
sistently lower than the data of reference 2 although the values are in 
fair agreement. 

Application of Data to Thieory of Excess Enthalpy 

In reference 5, the minimum ignition energy is related to quenching 
distance, flame speed, and T^ - Tq by the following equation: 

CVJ 

t 

W 

H = ^ d.2 (2) 

where the excess enthalpy is equal to the minimum ignition energy E in 
- calories, u^ is the flame velocity of the mixture in centimeters per 

second, d is the quenching distance in centi me ters, AT = Tf - Tq in 

^ ^C, and \i is the heat conductivity of the mixture in calories per 

centimeter per second per °C. The data of the present investigation were 
considered in the light of the relations expressed in eq-uation (2) and 
were applied to the equation by substitution of the extrapolated quench- 
ing distances from table V. Also, for these calculations u^ and 

Tf were obtained from references 1, 8, and 10; and \x was assumed to 
be 6.3X10"^. The results of these calciilations are tabulated in table 
VI. In all cases, calculated energies are greater than those extrapolated 
from experimental data. The data for the ratio of the calculated igni- 
tion energy to the extrapolated values are in fair agreement with those 
reported in reference 12; that is, 2, 4, and 6 for stoichiometric fuel- 
air mixtures of hydrogen, propane, and methane, respectively- It appears 
then that although the data exhibit good correlation with theory, the 
prediction of absolute values of ignition energy from equation (2) 
requires an additional empirical factor. This factor must necessarily 
he a function of cp since reference 12 indicates a rapid departure of 
the calculated values from experimental values as dilution of the com- 
bustible with either fuel or air is increased. 
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SUMMARY OF RESULTS 

The following results were obtained in an investigation of the mini- 
mum spark-ignition energies of 12 pure ftiels, namely; t^-pentane^ n- 
heptane, methylcyclohexane , isgpentane, pentene-2, acrylonitrile, 2,2- 
dimethylbutane , diethylether , methanol, propylene oxide, tetrahydropyran , 
and carbon disulfide. The results apply to the lowest point" (H') on the 
ml nlwniTn spark-lgnition energy agsiinst equivalence ratio (co) curve and do 
not necessarily apply to Tn-tniTmim energies at other points on the curve. 

1. All paraffins and cycloparaffins including the branched members 
of the group had essentially the same miniTninn spark-ignition energies. 

2. Unsaturation in a carbon chain markedly lowered the mini- 
mum Ignition energy; the extent of the decrease appearecL-to be dependent 
i^jon the individual compound; for exanrple, the ignition energy for ethyl- 
ene was lower than that of pentene-2. 

3. Uhsaturation in a ring structure such as benzene was relatively 
ineffective in decreasing the minimum ignition energy from that of the 
equivalent paraffinic or cycloparaffinic stiuctures. 

4. The ignition energies of oxygenated fuels, such as oxides and 
alcohols, exhibited no definite trend. 

5. The equivalence ratio at which the minimum ignition energy H’ 
occurred was determined by the length of the carbon chain and was rela- 
tively insensitive to pressure. 

6. The pressure e3q>onent in H* oo — was constant at about 1.82 

pX 

for most fiiiels investigated; the maximum variation was from 1.65 to 

2 . 00 . 

7. The relation between the flame velocity and the ignition energy 
for all fuels investigated except carbon disulfide could be represented 

'■y “(JTfoTs- 

8. The relation between the minimum Ignition energy and the quench- 
ing distance could be reasonably well represented by = 6.36 d^*^9 
for all fuels Investigated. 


Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 
Cleveland, Ohio, August" 31, 1953 
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TABLE I. - SOURCE AND PURITY OF KJELS HJVISTIGA^nED 


Fuel 

Source 

Purity, 

percent 

(a) 

n-Pentane 

Phillips Petroleum Co. 

99+ 

n-Heptane 

Phillips Petroleum Co. 

99+ 

Methylcyc lohexane 

Phillips Petroleum Co. 

99+ 

Isopentane 

Phillips Petroleum Co. 

99+ 

Pentene-2 

National Bureau of Standards 

99+ 

Acrylonitrile 

Monsanto Chemical Co. 

95+ 

2, 2-DlmethyIbutane 

Phillips Petroleum Co. 

99+ 

Dlethylether 

Mallinckrodt Chemical Works 

99+ 

Methanol 

J. I. Baker Chemical Co. 

99+ 

Propylene oxide 

Eastman Kodak Company 

99+ 

Tetrahydropyran 

E. I. DuPont 

95 

Carton disulfide 

Malllnckrodt Chemical Works 
1 

99+ 


^■Purity of tetraiiydropyran and acrylonitrile, estimated; 
purity of other fuels, stated "by manufacturer. 




TABTJ U. - Hnoiltnf SFiHK-JGNinOai ENSRaiVS AND VJENCBDn DXSTANCES FOB 12 FDHB FDEtJ AT REDDCSD PRESSURE 


l6DOe 

P&tlO, 

V 

pp«aBiiF*, 

P/ 

m £(b aba 

HlolMim 

ap&rk- 

Ignition 

SDtTfST, 

BllU- 

JOQlee 

diitanoe^ 

om 

BqulT«- 

lanoe 

r&tiO| 

^osatire^ 

P, 

HU Bg abfl 

MItUhh 

eparic- 

Ignition 

energy, 

■UU- 

Joulea 

Quanohlng 

iUetanoe, 

d, 

OH 

apiiva- 

lenoe 

ratio, 

<P 

Pressure, 

P/ 

BH Hg abe 

mniHm 

sparfc- 

lipltion 

energy, 

Hqp, 

■UU- 

Joulea 

dletanoe, 

d, 

m 

n;-P«n'banc 

leppantwie 

Dlethylether 

£.0i 

1.85 

1.51 

1,31 

i.ai 

1,02 

200 

5.8 

5.1 

2.5 
2.3 

5.6 
S 6 

0.66 

.78 

.85 

.61 

.74 

.69 

2.05 

1.86 

1.64 

1.51 

l,OQ 

100 

13,7 

10.1 

9.0 

a. 9 
12.2 

1.30 

1.27 

1.14 

1.27 

1,65 

1.88 

1.62 

1.62 

1.52 

1.52 

1.52 

.98 

.96 

1.86 

soo 

3.1 

3.0 
2.6 
2.6 
2.7 
2.6 
5. 6 

5.5 
8.9 

8.0 

6.5 
10.9 
12.0 

0.61 

,46 

.48 

.46 

.46 

.46 

.71 

.61 

l.Og 

1.20 

1.42 

1.73 

1,36 

















n-Hap-une 


1.64 

200 

2.6 

0.51 

100 

2.01 

1.93 

1.75 

1.61 

1.57 

1.37 

200 

3.2 
2.8 

2.2 
2.6 

2.4 

3.4 

0.89‘ 

.66 

.51 

.53 

.55 

.89 

1.82 

1.31 

1.00 

1.84 

1.64 

1.63 

xoo 

2.2 

2.6 

3.3 

11.7 

10.2 

d.6 

.65 

.64 

.98 

1.07 

1*42 

1.65 

1.32 

.99 

.98 



1.07 

1 propylene oodde 

1.01 

.98 


5.0 

8.4 

.97 

.81 

1.51 
1.50 
1 nn 


9.9 

6,4 

14.1 

1.22 

1.17 

1.67 

1.B7 

1.84 

1.64 

1.89 

1.46 

1.32 

1,51 

.99 

1.64 

1.65 
1.61 
1.31 

.99 

200 

1.9 

0.48 
.41 
,46 
.56 
.43 
,50 
.51 
.56 
.73 
. .73 
.68 
,76 
.69 







1.8 










2.05 

1.85 

1.62 

1.42 

1.35 

i.ca 

1,00 

200 

4.0 

2.6 

2.9 

5.5 

3.4 

8.4 

5.5 

0,61 

,85 

.64 

.74 

.69 

1.22 

1.11 


iiexnanoi 



1.9 

1.74 

1.48 

1.42 

1.2B 

1.00 

.64 

1.74 

1.69 

1.55 

1.00 

.64 

200 

UOQ 

3.9 

2.5 

2.2 

2.0 

2.5 

3.2 

17.6 

15,2 

0.64 

.46 

.56 

.48 

.55 

.61 

2.00 

1.22 

1.06 

1.57 

1.46 

10b 

1.7 

1,6 

Le 

1.6 

7.6 

8.9 

5.9 
6.3 
6.5 


2j2-D1jm 

thylbutane 



1.63 

1.65 

1,56 

.99 

1.83 

1.65 

1.36 

.99 

200 

3.3 
2.8 
2.6 
6.6 

11.9 

9.4 

n.3 

16.3 

0.69 

.58 

.69 

.99 

1.56 

1.65 

1.27 

1.93 


9.9 

12.0 


Tetrahyd 

ropyran 




1,97 

200 

2.8 

0,61 

lOO 

1 Carbon dlsulflda 

1.74 

2.5 

.46 

.46 

,41 

.41 

1.27 

.94 

.91 

1.02 

1.22 

1.27 

1.65 

1.44 

1.21 

96 

27.8 

10.5 
9.9 

10.6 
10.9 
40.6 

1.19 

1.08 

1.19 

1.29 

2.08 

1.80 

1.45 

1.50 

1.61 

1,74 

1,60 

100 

2.4 

2.4 

2.7 

8.7 

6.4 

7.8 

8.8 
9.0 

10.4 

Taopantane 


1.44 

12.5 


2.08 

2.05 

1.B6 

1.64 

1.31 

1.51 

1.01 

1.00 

200 

3.7 

H 

Acrylczilla'lli 


1.30 

1.20 



3 .5 

2.5 

2.5 

2.6 
2.5 
5*6 

1.29 

1.64 

1.79 

2.06 

100 

7.5 
6.0 
5.9 

6.6 

0.97 

.91 

.97 

1.09 



4.1 

.71 
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TABLE HI. - MraiMM SPARK-ICanTIOH EHSRGIES AT REDUCED PRESSURE 


Fuel 

PressiLre, 
nan. Hg 

Equiva- 

lence 

ratio, 

^min 

Minimum spark- 
Ignltlon 
energy, H', 
min -T Joules 

Slope, 
log H’/P 

•a-Pentane 

200 

1.35 

2.2 


n-Heptane 

200 

1.75 

2.4 


Methylcyclohexane 

200 

1.80 

2.7 

— 

Zj 2-DimethyIbutane 

200 

1.55 

2.7 

-1.78 


100 

1.65 

9.4 


Isopentane 

200 

1.55 

2.4 

-1.84 


100 

1.45 

8.6 

— 

Pentene-2 

200 

1.60 

2.2 

-1.95 


100 

1.60 

8.5 


Acrylonitrile 

lOO 

1.70 

5.8 


Methanol 

200 

1.25 

2.0 1 

-2.00 


100 

1.25 

8.0 1 

— 

Diethylether 

200 

1.55 

2.5 1 

-1.65 


100 

1.55 

a.o 1 

— 

Propylene oxide j 

200 

1.30 

1.6 

-1.83 

i 

100 

1.50 

5.7 


Tetrahydropyran 

200 

1.60 

2.2 

-1.76 


100 

1.55 

7.8 1 


Carbon disulfide 

27.8 

1.35 

9.9 ' 

-1.76 


12.5 

— 

= 41 



TABLE IV. - MUflMLM SPARK-IGNiriOH EKERGIES EXIBAPOLATED 
TO ATMOSPHSIIC PRESSURE 


Fuel 

Minimum spark -iffiition energy H*, 
mini Joules 

Reference 4 

Reference 2 

Extrapolated data 

n-Pentane 

0.25 

0.28 

0.22 

n-Heptane 

.25 


.24 

Methylcyclohexane 



.27 

Isopentane 



.21 

Pentene-2 



.18 

Acrylonitrile 



.16 

2, 2-Methylbutane 



.25 ! 

I 

Dlethylether 

.19 


.28 

Methanol 



.14 

Propylene oxide 


.13 

.14 

Tetrahydropyran 



.22 

Carbon disulfide 


.009 

.03 
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TABLE V. - COMPASISON OP MINIMIM SPARK- IGNITION ENERGIES AND QUENCHING 
DISTANCES AT EQUIVALENCE RATIO CF 1.0 EXTRAPOLA03ED TO ATMOSPHERIC 

PRESSURE 


Fuel 

Minimum spark-ignition 
energy^ ®1*0^ millljouleB 

Quenching distance^ d^ 
cm 

Extrapolated 

data 

Reference 2 

Extrapolat ed 
data 

Reference 2 

Ethane 

0.25 

0.285 

0.17 


n-Petrfcaue 

.34 

.49 

.20 

0.24 

n-Hexane 

.50 


.24 


n-Heptane 

.50 

.70 

.24 

.25 

Isopentane 

.34 

.70 

.20 

.22 

2-DlmethyIbutane 

.59 

1.64 

.27 

.23 

Cyclohexane 

.37 

1.38 

.21 

.25 

Me thy Icy c lohexane 

.53 


.25 


Benzene 

.40 

.55 

.22 

.20 

Ethylene 

.12 

.096 

.11 

.11 

Pentene-2 

.27 

.47 

.17 

.215 

Acrylonitrile 

.36 


.20 


Acetylene 

.058 

.02 1 

.075 1 

.077 

Methanol 

.18 

.215 

. 14 

.15 

Diethylether 

.39 

.49 

.21 

.235 

Propylene oxide 

.16 

.19 

.13 

.155 

Tetrahydropyran 

.49 

1.21 

.24 

.29 

Carhon disulfide 

.033 

.015 

.053 j 

.07 


TABLE VI. - COMPARISON OP EXTRAPOLATED AND CALCULATED VALUES 
OF MINIMUM SPARK- IGNITION ENERGY AT ATMOSPHERIC PRESSURE AND 
EQUIVALENCE RATIO CP 1.0 


Fuel 

Minimum spark-ignition 
energy^ Joules XIO^ 

. 

®eaic 

Calculated 

Extrajk)lated 

Ethane 

101.6 

25 

4.1 

n-Pentane 

155.6 

34 

4.6 

n-Hexane 

238.0 

50 

4,8 

n-Heptane 

224.2 

50 

4,5 

Isopentane 

170.0 

34 

5,0 

2, 2-DimethyIbutane 

349.0 

59 

5.9 

Cyclohexane 

173.6 

37 

4.7 

Benzene 

182.0 

40 

4.6 

Ethylene 

27.6 

12 

2.3 

Pentene-2 

90.3 

27 

3.6 

Acrylonitrile 

127.6 

36. 

5.6 

Acetylene 

7.1 1 

5.8 

1.2 

Methanol 

51.8 

18 

2,8 

Diethylether 

146.5 

39 

3.7 

Propylene oxide 

42.2 

16 

2.6 

Tetrahydropyran 

182.8 

49 

3,7 

Carhon disulfide 

7.6 

3.3 

2.3 
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A CoaatQLnt^teEHperaturo onolosure 
B 7&0UUDI Indloatara 
C Mixing tank 
D Ignition bomb 
B ThljnblB for llq.uld aamplae 
F Air heator and clroulatlng 


fan for temperature coaitrol 



Figure 1. - Schematic diagram of inlet and mixing system for Ignition apparatus - 
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A 

B 

C 

D 

£ 


QU£II^2 VlMOV 
Luolte dheerratlOR Ylndovs 
ioflulated eleot2?odo 
Thermooouple 

OTo liaot and pum;pilDg aystajn 


oXeotroda and vlndotf poaitlonB 



Cl-3 "took 
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A 

B 

C 

D 

E 

F 

G 


30-Kllovolt power supply 
Single-pole double-throw air switch 
OsclUo scope 

Capacitor bank - six 4-nlcrofarad, 2500-Tolt 
capacitors 
Ignition bomb 
z-axls input 

Voltage divider (approximate reduction, 5;l) 


H Audio oscillator 

Fixed resistance, 500 ohms 
Rg Variable resistance, 10,000 ohms to 0,50 megohm 
Rj Variable resistance, 1000 to 13,000 ohms 
V Electrostatic voltmeter 



Figure 3. - Schematic diagram of Ignition and energy-measuring circuit. 
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(o) Methyloyolohezane-alr mixtures. 

Figure 4. - MlnJmum a park -Ignition energies of paraffins and cycloparaffins at reduced 
pressures. 
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Mininrum spark- ignition energy, millijoules 
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Equivalence ratio , cp 
("b) Acrylonitrile-air mixtures. 

Figure 5. - Minimum spark- ignition energies of olefinlc fuels at reduced 
pressures. 
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Equivalence ratio, cp 


Figure ?• - Minimum ^ark- ignition energies of carbon disulfide 
air mixtures at reduced pressures. 
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MlnlHum spark-lgni 


Figure 9. - Relation of ms 
to Tn^■n^Tn^lnl spark- Ignltlc 
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Figure 10 - Minimum spark- ignition energies and q.uencMng 
distances as compared with data of references 2 and 5. 


NACA-lJuielsr - 10-29-63 - 325 










